Introduction: Color vision is one of the important attribute of visual perception. The study was conducted at different schools of Kathmandu to compare the findings of the Ishihara Pseudoisochromatic test and the Farnsworth D-15 test.
INtrODUctION
Color vision is one of the important attribute of visual perception. Significant population suffer from an inherited conditions of red/green color defects besides other seen in different retinal and optic nerve disease. 1 There are varieties of color vision tests such as the Ishihara Pseudoisochromatic plates, the Farnsworth Dichotomous D-15) test, the city university color vision test, De-saturated D-15 (L'Anthony's), Medmont C-100 or Oscar color vision test, Farnsworth Munsell 100-hue test and anomaloscope to identify color vision anomalies. They vary greatly in complexity, time to complete and the color vision problems they detect. 2 The Ishihara Pseudoisochrmatic plate test is the most commonly used color vision test. They are relatively straightforward to administer, readily available and inexpensive. The colors that make up the figure and that constitute the background all fall on a common dichromatic confusion line. So, patients with anomalies of color vision have difficulty in seeing the figures embedded into the plates. 3 The Ishihara test can't detect tritan plates and doesn't classify the severity. Mild deutans may pass the test and normal individual with poor discrimination may fail. 4 The Ishihara pseudoisochromatic plates are widely used in screening school children. In comparison the D-15 test aims to grade or dichotomies color deficiency people into two groups, pass or fail, and used only given to people identified as red green color deficient with a pseudoisochormatic screening test. 10 The color vision defect would affect the course of their choice for the future career. Early detection of color vision defect is extremely important selecting the future career and counseling on the limitation of defect on the future career of the students, and minimizing psychological stress of having to select another profession after one has prepared for a specific one. 
MEtHODs
In a descriptive cross-sectional study, 2120 students aged 8 to 15 years from four schools of Kathmandu were recruited in the study from 2012-2014. All the schools were sent written information detailing the purpose of the eye examination, and the permission was sought. A team comprising of an ophthalmologist, an optometrist and two ophthalmic assistant carried out eye examination.
Detailed eye examination was carried out including visual acuity assessment with internally illuminated Snellen chart at 6 meter, retinoscopy and subjective refraction, detailed anterior examination with the slit lamp (Haag Streit 900) and fundus examination with direct ophthalmoscopy. In case of suspected pathologic condition that may alter finding of color vision testing, dilated fundus examination was carried out after 30 minutes of instilling tropicamide eye drop 0.5% two drops at 5 minutes interval. The child was examined next day if dilated fundus examination revealed normal finding. Children who can't perform the color vision tests, whose response seemed unreliable and children who were not ready to participate in the study were excluded. Children with myopia greater than 6.00D, any suspected cases of retinal and optic nerve diseases and children with amblyopia or best spectacle corrected visual acuity less than 6/12 were also excluded from the study.
The Ishihara pseudoisochormatic color plates of 38 leaflets and the Farnsworth D-15 panel test were used in the study. Children were randomly selected to decide which test to perform first the Ishihara Pseudoisochromatic plates or the Farnsworth D-15 Panel test. Both of the tests were carried out under natural day light condition. The children were encouraged to read Ishihara test plate serially from 66cm distance with the line of sight perpendicular to the pages. They were instructed to identify the numbers that could be seen on each page. The pages were presented monocularly for not more than 4 seconds for each plate. 11 The number of plates with number misread was counted. If two or fewer errors were made, it was considered as normal where as six or more were color deficient. If no plates except the first plate was identified it was considered total color deficient. The guide book was referred to diagnose red-green deficiency, mild protan or deutan and strong protan or deutan.
Children are instructed to arrange the Farnsworth D-15 color caps from 50cm distance in an order that the color next to the reference cap was the closest in color and so on for all other caps. This test was present to right eye first and then to the left eye. The reversing of the order of two caps was considered minor error. If two or fewer crossings were made was considered not to be severe. If more than two crossing were made, then the color vision defect could be said to be severe and orientation of the confusion loci which were described by the crossings on the plot, should describe whether the color vision defect was protan, deutan or tritan. A single mid test reversal was not considered as an error. 12 If the confusion axis located approximately between the deutan and tritan axes, the color vision defect was said to be monochromatic. 13 All data were entered into the statistical package for social studies (SPSS) version 17.0. The Chi-square test was performed to analyse color vision defect detected by the Ishihara test and the Farnsworth D-15 test. A p-value of ≤0.05 was considered significant for 95% confidence interval.
rEsULts
A total of 2120 students comprising of 1114 males (52.5%) and 1006 females (47.5%) were recruited in the study with mean age of 12.2 years (SD 2.3 years). Pattern of color vision defect is presented in table 1. The prevalence of color vision defect as indicated by the Ishihara was 2.6 in males and as indicated by the D-15 test was 2.15 in males. None of the females had any color vision defect. Tritan color vision defect was also not noted as it was suggested by the D-15 test. The result of the test was statistically insignificant (p=0.77). The deutan color vision defect was noted more commonly than the protan by both of the test types.
The agreement between the Ishihara test and the D-15 test was also analyzed (table 2) . Though, color vision test with the Ishihara tests showed more deficient (2.6% versus 2.15%), there is quite an agreement of it with the Farnsworth D-15 test. There was a high specificity against each other for color vision test (99.3-99.8%). However, the Ishihara test was more sensitive (91.7%) than the D-15 test (75.8%) detecting color vision defect. In the same way, the positive predictive value of the D-15 test (91.7%) was better than the Ishihara test (75.8%).
DIscUssION
The present study reports the prevalence of congenital color vision defect a well as compares the result of color vision defect between the Ishihara color vision test and the Farnsworth D-15 test.
The prevalence of color vision defect is noted to be 2.6% by the Ishihara and 2.15% by the D-15 tests among males. This finding is slightly less than the report of currently published literatures. [14] [15] [16] [17] [18] [19] The prevalence of color vision defect was reported to range from 3.83% to 8.18% among males and 0.13 to 0.44% in females. However, we didn't noted color vision defect in females. The x-linked genetic inheritance pattern of the disorders explains the incidence being more in males and females being carriers. The Y-linked inheritance sometimes manifests a confused pattern and reported in very few persons. This may possibly explains the possibility of color vision defect in females. 20 However, our study lacks the genetic assessment.
In our study, the deutan color vision defect is seen higher than protan defect. This finding is in agreement with the zein et al (1990) report. In their study, deutan color (3.2%) defect was significantly higher than the protan defect (0.9%). However we noted deutan at 1.34 by the D-15 test and the protan at 0.81% in the D-15 test.
The Ishihara test consists of one demonstration plate, that everyone could see it, second series consist of transformation plates that a color deficieny person sees a different number than that is seen by normal; third series consist of vanishing plates that these plates are seen by normal individual but not by color deficient one, fourth series consist of hidden plates that the a number should be reported by color deficient person but not by someone with normal color vision and the last series consist of classification plates that are used when the screening section of the test identifies the presence of a colour vision defect. 11 The classification plates in the Ishihara test are more effective for deuteranopes than protanopes, with a correct classification possible for around 90% of deuteranopes and around 80% of protanopes. Based on a fail criterion of three errors on the transformation and vanishing plates, the sensitivity of the Ishihara test is around 99% and the specificity is 94%. 11 The Farnsworth D-15 test is an arrangement color test that can detect and classify protan, deutan and tritan defect that otherwise can't be classified. 
